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PROCESS FOR MAKING SILVER BASED EPOXIDATION CATALYSTS AND 
PROCESS FOR PREPARING AN OLEFIN OXIDE 

FIELD OF THE INVENTION 

[0001] The invention relates to a process for 
preparing catalysts useful for the manufacture of 
alkylene oxides comprising silver deposited on an 
alkaline earth metal carbonate material support. The 
present invention also relates to a process for preparing 
an olefin oxide which process comprises reacting an 
olefin with oxygen in the presence of a catalyst 
composition comprising silver deposited on an alkaline 
earth metal carbonate support . 
BACKGROUND OF THE INVENTION 

[0002] The activity, efficiency, stability, and 

durability of a catalyst in a reaction, for example, the 
manufacture of alkylene oxides, depend upon the chemical, 
physical, and structural properties of the catalyst 
precursors, i.e., the support material and the support 
particles, and the nature and distribution of the 
catalytic material on the support. Desirably, the 
properties of the support material that enhance catalytic 
activity are retained by the support particles. In 
general, the support and catalyst comprising small 
amounts of the catalytic material on the support have 
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essentially the same physical and structural properties 
with slight differences. 

[0003] A need exists for a catalyst support having not 
only the porosity characteristics necessary for proper 

5 catalyst loading but good structural properties as well 
such as crush strength and attrition resistance. In 
addition, the material comprising the support preferably 
should be extrudable, in the green state, into complex 
shapes when desired to provide, for example, higher 

10 surface contact area or lower pressure drop across the 
reactor bed. 

[0004] A catalyst support needs to possess, in 
combination, at least a minimum surface area on which the 
silver component may be deposited, sufficient water 
15 absorption and reasonable crush strength. However, a 
difficulty in optimizing these characteristic lies in the 
fact that an improvement in one property can result in a 
reduction in another. Thus optimization of crush 
strength, for example, may lead to low porosity. 
20 [0005] Typically, support materials made from alkaline 
earth metal carbonate have relatively poor mechanical 
properties, particularly poor crush strength. Therefore, 
there is a need for an alkaline earth metal carbonate 
support with the porosity characteristics necessary for 
25 proper catalyst loading, while having improved mechanical 
properties, especially crush strength. 
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SUMMARY OF THE INVENTION 

[0006] The present invention provides a process for 
preparing a catalyst which comprises: 

(a) preparing a paste comprising a uniform mixture 

5 of 

(i) at least one alkaline earth metal 

carbonate; 

(ii) a liquid medium; 

(iii) a silver bonding additive; and, 
10 (iv) at least one extrusion aid; 

(b) forming one or more shaped particles from said 
paste; 

(c) drying and calcining said particles; and, 

(d) impregnating the dried and calcined particles 
15 with a solution comprising a silver compound. 

[0007] The invention further provides a process for 
preparing an olefin oxide which process comprises 
reacting an olefin with oxygen in the presence of a 
catalyst composition prepared in accordance with this 
20 invention. 

BRIEF DESCRIPTION OF THE FIGURES 

[0008] Fig. 1 shows catalyst activity, expressed as 
work rate (WR) , and outlet propylene oxide composition 
(PO) in the production of propylene oxide using supports 
25 without the silver bonding additive. 
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[0009] Fig. 2 shows the oxygen conversion, propylene 
oxide (PO) selectivity, ethylchloride (EC) concentration 
and NO x concentration, whereas NO x is a mixture of nitric 
oxide, nitrogen dioxide, and dinitrogen tetroxide, using 
5 supports without the silver bonding additive. 

[0010] Fig. 3 shows catalyst activity, expressed as 
work rate (WR) , and outlet propylene oxide composition 
(PO) in the production of propylene oxide using supports 
with the silver bonding additive. 
10 [0011] Fig. 4 shows the oxygen conversion , propylene 
oxide (PO) selectivity, ethylchloride (EC) concentration 
and NOx concentration, whereas NO x is a mixture of nitric 
oxide, nitrogen dioxide, and dinitrogen tetroxide, using 
supports with the silver bonding additive. 
15 DETAILED DESCRIPTION OF THE INVENTION 

[0012] It has been discovered that the addition of 
silver, particularly via a silver oxalate ethylenediamine 
solution, to catalyst support greenware in the course of 
the preparation of the support, significantly improves 
20 the mechanical properties of the support and makes it 
suitable for commercial use in catalysts useful in olefin 
epoxidation processes. The term "carrier" may be used 
interchangeably with the term "support". 

[0013] The present invention provides a process for 
25 making an alkaline earth metal carbonate, preferably a 
calcium carbonate, catalyst support, having incorporated 
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therein an effective amount of silver to increase the 
crush strength of the support. 

[0014] A composition for preparing such catalyst 
supports having increased crush strength suitably 
comprises: (a) 80-99% by weight alkaline earth metal 
carbonate; and, (b) 1-20% by weight silver, calculated as 
the silver metal. A preferred alkaline earth metal 
carbonate catalyst support is characterized by a high 
relative surface area, and a minimum compressive strength 
of 22N (5 lbs), and preferably comprises 85-89% by weight 
alkaline earth metal carbonate and 11-15% by weight 
silver, and more preferably 90-95 % by weight of alkaline 
earth metal carbonate and 5-10% by weight silver. 
[0015] The alkaline earth metal carbonates supports 
having high crush strength may be produced by a process 
which comprises: (a) forming a mixture comprising an 
alkaline earth metal carbonate, a silver bonding 
additive, a liquid medium and an organic extrusion aid 
and optionally a burnout additive to form a paste; (b) 
forming the paste to produce shaped particles; and (c) 
drying and calcining the resulting particles. The term 
"fired" may be used interchangeably with the term 
"calcined". And, the term "formed" in reference to the 
support or support particles, may be used interchangeably 
with the term "shaped". 
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[0016] The alkaline earth metal carbonates may be 
carbonates such as, for example, magnesium carbonate, or 
preferably, calcium carbonate. Typically, they have a 
specific surface area of from 0.5 m 2 /g to 20 m 2 /g, 
5 preferably 1 m 2 /g to 18 m 2 /g, and more in particular from 
3 m 2 /g to 15 m 2 /g, as measured by the B.E.T. method. 
Typically, they have an apparent water absorption of from 
0.05 ml/g to 2 ml/g, preferably 0.07 ml/g to 1.7 ml/g and 
more in particular from 0.1 ml/g to 1 . 5 ml/g, as measured 
10 by a conventional water absorption technique. The 
alkaline earth metal carbonate supports are of particular 
interest as they provide catalysts which have an improved 
activity performance over time. The alkaline earth metal 
carbonate carbonate is suitably a commercially available 
15 material and sold by companies such as J.M. Huber and 
Alfa inorganic and milled to different average particle 
sizes typically in the range of 0.5 to 15 microns (median 
pore diameter) . 

[0017] The liquid medium is typically aqueous, but it 
20 may also comprise other liquids, such as alcohols. 

[0018] The silver bonding additive may preferably be 
an aqueous silver oxalate amine solution having a 
concentration of silver from 15% to 33% by weight, 
preferably from 20% to 33% by weight, and most preferably 
25 from 27% to 33% by weight. The preferred amine is 
ethyl enedi amine although other diamines such as 1,3- 
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propylene diamine, 1 , 4-cyclohexane diamine, and 1,4- 
butylene diamine can be used. The final silver content in 
the support is in the range of from 1 to 2 0 parts by 
weight, preferably from 1 to 15 parts by weight and most 
5 preferably from 1 to 10 parts by weight based on 100 
parts total weight of the resulting support. The final 
weight ratio of silver /calcium carbonate typically is from 
1:5 to 1:100, specifically from 1:7 to 1:30, more 
specifically from 1:8 to 1:10, and for example 1:9, with 
10 the silver calculated as silver metal. 

[0019] The supports are preferably prepared by 
blending from 90 to 100 parts by weight (pbw) alkaline 
earth metal carbonate with 1-2 pbw of an organic 
extrusion aid such as starch or petroleum jelly. Then, a 
15 sufficient amount of water may be added to make the 
composition extrudable (this is usually achieved when 
there is 35-45 pbw silver solution present) and the 
resulting composition is mixed until homogeneous. 
[0020] Once the paste is prepared, for example by 
20 mulling and, if desired, aging, it is ready for forming, 
for example by extrusion or spraying. The paste can be 
formed into an extrudate using an extruder. The extrudate 
can be any diameter, for example from 0.5 mm to 5 cm, 
but, for best catalytic activity and ease of handling and 
25 processability, the extrudate is preferably from 1 mm to 
5 cm in diameter. Larger or smaller diameter extrudates 
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can be prepared, depending on the desired use of the 
resultant extrudate. After the extrudate passes through 
the extruder die, the extrudate can be cut into uniform 
lengths, if desired. However, uniform lengths are not 
5 always necessary, so the extrudate can be allowed to 
break on its own, into any length. If the extrudate is 
allowed to break on its own, it will usually have a 
length of 2 to 7 times the diameter width. Usually, the 
extrudate is allowed to break of its own accord because 
10 of ease of manufacture and economics. The support may be 
formed into shaped particles, for example, chunks, 
pieces, and the like. Preferably, for use in a tubular 
fixed bed reactor, they are formed into a rounded shape, 
for example in the form of spheres, pellets, cylinders, 
15 rings, wagon wheels, or tablets, typically having 
dimensions in the range of from 1 mm to 5 cm. 
[0021] A broad variety of drying and calcination 
procedures may be applied. The drying and calcining 
steps of the present method are in general carried out at 
20 temperatures in the range from 100 °C to 1000 °C. The 
shaped support precursor is freed of uncombined and 
loosely held water by an initial, moderate heating, for 
example at a temperature in the range from 100 °C to 215 
°C. Following this drying procedure, the calcination may 
25 be carried out in a dry or humid atmosphere at a 
temperature in the range from 200 °C to 950 °C, 
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preferably from 220 °C to 850 °C, more preferably from 
230 °C to 700 °C. The calcination may be carried out for 
a period of from 1 hour to 16 hours, or from 1 hour to 12 
hours, or from 1 hour to 10 hours. As one non-limiting 
5 illustrative example, the extrudate can be dried 

overnight at 100 °C and then calcined as follows: 1 hour 
ramp to 110 °C held for 1 hour, then 4 hour ramp to 240 
°C and held for 1 hour and finally a 4 hour ramp to 500 
°C and held for 5 hours. 
10 [0022] In a preferred embodiment, a shaped silver 

bonded alkaline earth metal carbonate catalyst support 
may be prepared by: (a) preparing a paste comprising a 
uniform mixture of (i) calcium carbonate; (ii) at least 
one solvent; (iii) a silver oxalate ethylenediamine 
15 complex; and (iv) at least one extrusion aid; (b) forming 
a shaped particle from said paste; and (c) drying and 
calcining said shaped particle, wherein said paste has a 
weight ratio of said silver to calcium carbonate of 
approximately from 1:5 to 1:100, specifically from 1 : 7 to 
20 1:30, more specifically from 1:8 to 1:10, and for example 
1:9. 

[0023] In another preferred embodiment, the support 
composition is produced by: (a) mixing between 80 to 99 
parts by weight calcium carbonate and between 35 to 55 
25 parts by weight aqueous silver oxalate-ethylenediamine 
solution having a concentration of 27-33% by weight of 



R:\LEGAL\JDA\SPECS\TH1908 SPEC REG .doc 9 



said silver complex to form a homogeneous mixture; (b) 
extruding said homogeneous mixture to form an extrudate; 
and (c) calcining the extrudate at a temperature in the 
range of from 200 °C to 950 °C, preferably from 220 °C to 
5 850 °C, more preferably from 230 °C to 700 °C for a 
period of from 1 hour to 16 hours. 

[0024] The alkaline earth metal carbonate supports 
supports have improved crush strength over those alkaline 
earth metal carbonate supports made without a silver 
10 bonding additive. The flat plate crush strength of the 
supports is typically at least 22N (5 lbs), specifically 
at least 40N (9 lbs) , and more specifically at least 53N 

(12 lbs) . They are particularly useful for preparing 
alkylene oxides such as ethylene oxide and propylene 
15 oxide via silver catalyzed epoxidation of alkenes . They 
can be used in the manufacture of silver epoxidation 
catalysts used in the production of ethylene oxide, 
propylene oxide, butadiene monoepoxide etc. 

[0025] The catalysts may be prepared from the supports 
20 in accordance with methods which are known per se. 

Suitable methods for preparing the catalyst are known 

from US Patent 3962136 and WO-00/15333, both of which are 

herein incorporated by reference. 

[0026] In a suitable method of catalyst preparation, 
25 the support is impregnated with a liquid composition of 
compounds of silver, potassium, sodium and/or lithium 
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and, if desirable with further compounds of, for example, 
one or more of rubidium and/or, cesium or other useful 
additives, and subsequently dried by heating at a 
temperature in the range of from 150 °C to 500 °C, in 
5 particular of from 200 °C to 450 °C. Drying may be 
performed for a period of from 1 minute to 24 hours, 
typically from 2 minutes to 2 hours, more typically from 
2 to 30 minutes. The atmosphere for drying may be air, 
an inert gas, such as nitrogen or argon, or steam. The 
10 silver compounds which may be used in the liquid 
composition may be selected from the silver bonding 
additives as defined herein before. 

[0027] Reducing agents will generally be present to 
effect the reduction of a silver compound to metallic 
15 silver. For example, a reducing atmosphere, such as a 
hydrogen or ethylene containing gas, may be employed, or 
a reducing agent, for example oxalate, may be present in 
one or more of the impregnation liquids. If desired, the 
pore impregnation may be carried out in more than one 
20 impregnation and drying step. For example, silver may be 
impregnated in more than one step, and the promoters may 
be impregnated in one or more separate steps, prior to 
silver impregnation, after silver impregnation or 
intermediate to separate silver impregnation steps. The 
25 liquid composition is typically a solution, more 
typically an aqueous solution. 
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[0028] The compounds employed in the impregnation may 
independently be selected from, for example, inorganic 
and organic salts, hydroxides and complex compounds. 
They are employed in such a quantity that a catalyst is 
obtained of the desired composition. 

[0029] The catalysts of the present invention are 
useful for epoxidation of any olefin, which has at least 
2 carbon atoms. Typically, the number of carbon atoms is 
at most 10, more typically at most 5. It is most 
preferred that the number of carbon atoms is three. 
[0030] Apart from having an olefinic linkage (i.e. a 
moiety >C=C<) , the olefin may comprise another olefinic 
linkage, or any other kind of unsaturation, for example 
in the form of an aryl group, for example a phenyl group. 
Thus, the olefin may be a conjugated or non- conjugated 
diene or a conjugated or non-conjugated vinyl aromatic 
compound, for example 1 , 3-butadiene, 1 , 7-octadiene, 
styrene or 1 , 5-cyclooctadiene . 

[0031] In preferred embodiments, the olefin comprises 

a single olefinic linkage and, for the remainder, it is a 
saturated hydrocarbon. It may be linear, branched or 
cyclic. A single alkyl group may be attached to the 
olefinic linkage, such as in 1-hexene, or two alkyl 
groups may be attached to the olefinic linkage, such as 
in 2-methyl-octene-l or pentene-2 . It is also possible 
that three or four alkyl groups are attached to the 
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olefinic linkage. Two alkyl groups may be linked 
together such that they form a ring structure, such as in 
cyclohexene. In these preferred embodiments, a hydrogen 
atom is attached to the olefinic linkage at the places 
5 which are not occupied by an alkyl group. It is 
particularly preferred that a single alkyl group is 
attached to the olefinic linkage. 

[0032] Olefins having at least 3 carbon atoms are, 
most preferably, 1-pentene, 1-butene and, in particular, 
10 propylene. The skilled person will appreciate that, in 
accordance with the geometry of its molecules, an olefin 
may yield a mixture of olefin oxides, for example olefin 
oxides in more than one isomeric form. 

[0033] Generally, the process of this invention is 
15 carried out as a gas phase process, which is a process 
wherein gaseous reactants are reacted in the presence of 
a solid catalyst. Frequently, the reactants and any 
further components fed to the process are mixed and 
subsequently contacted with the catalyst. The ratio of 
20 the quantities of the reactants and the further 
components, if any, and the further reaction conditions 
are not material to this invention and they may be chosen 
within wide ranges. As, generally, the mixture contacted 
with the catalyst is gaseous, the concentrations of the 
25 quantities of the reactants and the further components, 
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if any, are specified below as a fraction of the mixture 
in gaseous form. 

[0034] The concentration of the olefin may suitably be 
at least 0.1 %v, typically at least 0.5 %v, and, 
5 suitably, at most 60 %v, in particular, at most 50 %v. 
Preferably, the concentration of the olefin is in the 
range of from 1 %v to 40%v. If the olefin is propylene, 
1-butene or 1-pentene it is preferred that its 
concentration is in the range of from 1 %v to 30 %v, in 
10 particular from 2 %v to 15 %v. 

[0035] The concentration of oxygen may suitably be at 
least 2 %v, typically at least 4 %v, and in practice the 
concentration is frequently at most 20 %v, in particular 
at most 15 %v . If the olefin is propylene, 1-butene or 
15 1-pentene it is preferred that the concentration of 
oxygen is in the range of from .6 %v to 15 %v, in 
particular from 8 %v to 15 %v. The source of oxygen may 
be air, but it is preferred that an oxygen containing gas 
which may be obtained by separation from air is used. 
20 [0036] Organic chloride compounds may be added to the 
mixture as moderators of the catalyst, improving the 
selectivity. Examples of such organic chloride compounds 
are alkyl chlorides and alkenyl chlorides. Methyl 
chloride, vinyl chloride, 1 , 2 -dichloroethane and, in 
25 particular, ethyl chloride are preferred organic chloride 
compounds. The organic chloride compounds may be used at 
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a concentration of at least 0.1 ppm by volume, typically 
at least 0.2 ppm by volume, preferably at least 1 ppm by 
volume and at most 20 ppm by volume in the case of 
ethylene. In the case of propylene, the organic chloride 
concentration may be at least 2 0 ppm by volume, more 
preferably at least 50 ppm by volume, and the 
concentration may be at most 2000 ppm by volume, in 
particular at most 1500 ppm by volume, wherein ppm by 
volume is calculated as the molar quantity of chlorine 

atoms in the total quantity of the reactant mixture. 

Thus, 1 ppm corresponds to 1 molecule of ethyl chloride 

in 1,000,000 molecules of gas. 

[0037] The performance of the catalyst of the present 
invention may be improved by adding to the reaction 
mixture a nitrate or nitrite forming compound. A nitrate 
or nitrite forming compound is a compound which is 
capable, under the conditions at which it is contacted 
with the catalyst, of introducing nitrate or nitrite ions 
on to the catalyst. In general, the nitrate or nitrite 
ions tend to disappear from the catalyst during the 
process, in which case they need to be replenished. As a 
consequence, it is preferred to add the nitrate or 
nitrite forming compound continuously to the mixture, or 
in a discontinuous mode at least at the points in time 
that the need thereto arises. For the initial stage of 
the process, it may be sufficient to add the nitrate or 
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nitrite forming compound or nitrate or nitrite ions to 
the catalyst at the stage of catalyst preparation. 
Preferred nitrate or nitrite forming compounds are nitric 
oxide, nitrogen dioxide and/or dinitrogen tetraoxide. 
Alternatively, hydrazine, hydroxylamine, ammonia or other 
nitrogen containing compounds may be used. A mixture of 
nitrogen oxides is preferably used, which may be 
designated by the general formula N0 X , wherein x is a 
number in the range of from 1 to 2 , expressing the molar 
average atomic ratio of oxygen and nitrogen of the 
nitrogen oxides in the mixture. 

[0038] In the case of ethylene epoxidation, the 

nitrate or nitrite forming compound may suitably be used 
at a concentration of at least 1 ppm by volume, typically 
at least 5 ppm by volume, and the concentration may 
suitably be at most 30 ppm by volume, in particular at 
most 2 0 ppm by volume, wherein ppm by volume is 
calculated as the volume of the monomeric nitrate or 
nitrite forming compound(s) relative to the total volume 
of the mixture of the reactants and the further 
components. For propylene epoxidation, the nitrate or 
nitrite forming compound may suitably be used at a 
concentration of at least 10 ppm by volume, typically at 
least 50 ppm by volume, and the concentration may 
suitably be at most 500 ppm by volume, in particular at 
most 300 ppm by volume. If rubidium and/or cesium are 
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present in the catalyst used for propylene epoxidation, 
the nitrate or nitrite forming compound is preferably 
used at a concentration of at least 10 ppm by volume, in 
particular at least 20 ppm by volume, and the 
5 concentration is typically at most 200 ppm by volume, 
more typically at most 150 ppm by volume, preferably at 
most 80 ppm by weight, in particular at most 50 ppm by 
volume, on the same basis. 

[0039] Carbon dioxide may or may not be present in the 
10 mixture. Carbon dioxide is preferably not present because 
carbon dioxide reduces catalyst activity and selectivity 
and, thus, the yield of olefin oxide. Carbon dioxide may 
typically be present at a concentration of at most 3 5 %v, 
in particular at most 2 0 %v. 
15 [0040] Furthermore, inert compounds may be present in 
the mixture, for example nitrogen, argon, and/or methane. 
It is preferred to have methane present, as methane 
improves the dissipation of the heat of reaction, without 
adversely affecting the selectivity and the conversion. 
20 [0041] The process may preferably be carried out at a 
temperature of at least 150 °C in particular at least 
200 °C. Preferably the temperature is at most 32 0 °C, m 
particular at most 300 °C. The process may preferably be 
carried out at a pressure of at least 0.5 barg (i.e. bar 
25 gauge), in particular at least 1 barg. Preferably the 
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pressure is at most 100 barg, in particular at most 50 
barg . 

[0042] In general, it is preferred to operate at a 
high oxygen concentration. However, in actual practice, 
in order to remain outside the flammability limits of the 
mixture of reactants and any further components present 
therein, the concentration of oxygen may be lowered as 
the concentration of the olefin is increased. The actual 
safe operating conditions also depend on individual plant 
conditions, such as temperature and pressure, and tube 
sizes. Therefore, in each individual plant, a so-called 
flammability equation is used to determine the 
concentration of oxygen which may be used to approximate 
the allowable oxygen concentration with any concentration 
of the olefin. 

[0043] When operating the process as a gas phase 
process using a packed bed reactor, the Gas Hourly Space 
Velocity (GHSV) may preferably be at least 100 Nl/l-h, in 
particular at least 200 Nl/l-h. The GHSV may preferably 
be at most 30000 Nl/l-h, in particular at most 15000 
Nl/l-h. Gas Hourly Space Velocity is the volumetric flow 
rate of the feed gas, herein defined at normal conditions 

(i.e. 0 °C and 1 bar absolute), divided by the volume of 

the catalyst bed. 

[0044] The catalysts prepared on the calcium 
carbonate/ silver supports described herein above, 
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exhibited superior performance in both activity, 
selectivity, and stability compared to catalysts made on 
a pure calcium carbonate support. See Figs. 1-4. 
EXAMPLES 

5 [0045] The pore volume and the pore size distribution 
were measured by a conventional mercury intrusion device 
in which liquid mercury was forced into the pores of the 
support. Greater pressure is needed to force the mercury 
into smaller pores, therefore, the measurement of 

10 pressure increments corresponds to volume increments in 
the pores penetrated and hence to the size of the pores 
in the incremental volume. The pore volume in the 
following description was determined by mercury intrusion 
under pressures increased by degrees to a pressure of 3.0 

15 x 10 8 Pa using a Micromeritics Autopore 9200 model (130° 
contact angle and mercury with a surface tension of 0.473 
N/m) . 

EXAMPLE 1A 

Preparation Of Silver-Amine-Oxalat e Stock Solution 
20 [0046] A silver-amine-oxalate stock solution was 
prepared by the following procedure: 

415 g of reagent-grade sodium hydroxide were dissolved in 
2340 ml de-ionized water and the temperature was adjusted 
to 50 e C. 1699 g high purity "Spectropure" silver nitrate 
25 was dissolved in 2100 ml de-ionized water and the 
temperature was adjusted to 50 «C. The sodium hydroxide 
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solution was added slowly to the silver nitrate solution, 
with stirring, while maintaining a solution temperature 
of 50 a C. This mixture was stirred for 15 minutes, then 
the temperature was lowered to 40 -C. Water was removed 
from the precipitate created in the mixing step and the 
conductivity of the water, which contained sodium and 
nitrate ions, was measured. An amount of fresh deionized 
water equal to the amount removed was added back to the 
silver solution. The solution was stirred for 15 minutes 
at 40 ec. The process was repeated until the 

conductivity of the water removed was less than 90 
M mho/cm. 1500 ml of fresh deionized water was then 
added . 

[0047] 630 g of high-purity oxalic acid dihydrate were 

added in approximately 100 g increments. The temperature 
was maintained at 40 *C and the pH was maintained at a 
level above 7.8. Water was removed from this mixture to 
leave a highly concentrated silver-containing slurry. 
The silver oxalate slurry was cooled to 30 »C. Then, 699 
g of 92 %w ethyl enediamine (8% de-ionized water) were 
added to the slurry while maintaining a temperature no 
greater than 3 0 2 C. The resulting solution contained 
approximately 27-33 %w silver. 

[0048] The above stock solution was used to prepare 
the silver doped calcium carbonate supports as shown in 
Tables 1 and 2. 
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EXAMPLES IB - 16 
Preparation Of Samples 

[0049] The calcium carbonate supports, as exemplified 
in the Tables 1 and 2 , were prepared as follows: 100 
parts by weight (pbw) calcium carbonate (CaC0 3 ) mixed with 
2 pbw of an organic extrusion aid such as starch. 
Sufficient water was added to make the mixture extrudable 
(45 pbw silver solution) and the resulting composition 
was mixed until homogeneous and extrudable. The resulting 
paste was forced through a 3 mm die. The resulting 
extrudate was dried overnight at 100 °C and then fired as 
follows: 1 hour ramp to 110°C held for 1 hour, then 4 
hour ramp to 240 °C and held for 1 hour and finally a 4 
hour ramp to 500 °C and held for 5 hours. The weight 
ratio of silver as metal to calcium carbonate was 1:9 in 
all of the Examples in Tables 1 and 2. 

[0050] For comparison purposes, a calcium carbonate 
support without silver was prepared as follows: 500 
grams of calcium carbonate and 2 0 grams of an organic 
extrusion aid such as starch were mixed dry for 30 
seconds in a Cuisinart mixer, 350 grams of deionized 
water were added (20-26 pbw) and the entire mixture was 
blended for an additional 3 minutes. The resulting paste 
was extruded using a piston extruder and dried overnight 
at 110 °C in a lab oven. The extrudate was ramped to 500 
o C over 5 hours and held at temperature for 5 hours. 
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[0051] in the discussion that follows, the invention 

will be discussed in terms of added "silver" because, 
after the firing operation, it is assumed for the 
purposes of this application that the silver in the 
5 support will be in the form of silver particles in metal 
(non-cationic) zero oxidation state. 



R:\LEGAL\JDA\SPECS\TH1908 SPEC REG. doc 22 



TABLE 1 



Ex. No. 


Material 


Surface 
Area 
(m 2 /g) 


Median Pore 

Diameter 
(Angstroms) 


Flat 
Plate 
Crush 
Strength 
(N 
(lbs)) 


Porosity 
(%) 


IB 


CaC0 3 


5.1 


5900 


5 . 3 
(1.2) 


63 


2 


CaC0 3 


5.9 


1818 


35 (7.8) 


3 3 ' 


3 


CaC0 3 / Ag 








25.3 


4 


CaC0 3 / Ag 


3.35 






25 


5 


CaC0 3 / Ag 


4.3 




19 (4.3) 


47 


6 


CaC0 3 / Ag 


3.5 


3300 


72 .5 
(16.3) 


30 


7 


CaC0 3 / Ag 


3 . 6 


4401 




42 


8 


CaC0 3 / Ag 


3.6 


3484 




35 


9 


CaC0 3 / Ag 


3.7 


3395 


59.6 
(13.4) 


30 



not measured 

TABLE 2 



Ex. No. 


Material 


Surf a 
ceAre 
a 

(m 2 /g) 


Median 
Pore 
Diameter 
(Angstroms 
) 


Crush 
Strength 
(N(lbs) ) 


Water 
Pore 
Volume 
(cc/g) 


10 


CaC0 3 


1.1 


7200 


8.9 (2) 


.22 


11 


CaC0 3 /Ag 


1 


9000 


44.9 
(10.1) 


.227 


12 


CaC0 3 


2 


4000 


28 (6.2) 


.23 


13 


CaC0 3 /Ag 


1.8 


4039 


61.3 
(13 .8) 


.21 


14 


CaC0 3 


2.7 


2600 


36 (8.2) 


.24 


15 


CaC0 3 /Ag 


2 .4 


2910 


69 . 8 
(15.7) 


.217 


16 


CaC0 3 /Ag 


3.7 


3400 


59.6 
(13.4) 


0.3 
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EXAMPLE 17 

Catalyst preparation and testing for Propylene Oxide (PO) 
[0052] Catalyst 1 was prepared on the support of 
Example 16 (See Table 2). A cesium doped silver 
5 ethylenediamine oxalate solution was made in which 1.258 
g of cesium hydroxide was dissolved in 150 g of the 
silver solution as prepared in Example 1A. The support 
was first impregnated under vacuo with this cesium doped 
silver solution, dried in air at 250 °C for 5 minutes, 
10 then impregnated again with the cesium doped silver 
solution and dried at 250 °C for 5 minutes. The resulting 
material was then impregnated in vacuo with an aqueous 
solution containing 42.8 g of potassium nitrate, 14.4 g 
of sodium nitrate, and 1.8 g of lithium hydroxide 
15 dissolved in 225 g of water. Upon this last 

impregnation, the catalyst was dried in air for 5 min . at 
250°C. The resulting catalyst contained 34% silver, 500 
□mol/g potassium, 200 Drool /g of sodium, 50 Dmol/g 
lithium, and 45 Dmol/g of cesium. Then, the catalyst was 
20 ground and sieved to a mesh size of 2 0 - 30. Then, 15 g 
of the sieved catalyst was loaded in a U-shaped 
microreactor tube. 

[0053] Testing was conducted at 230 °C, under a 

pressure of 38 psig, and with a flow of 150 cc/min. The 
25 gas composition was as follows: 7% propylene, 12% oxygen, 
100 ppm N0 X (whereas N0 X corresponds to a mixture of 
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nitric oxide, nitrogen dioxide, and dinitrogen 
tetroxide) , 150 ppm ethylchloride , balance nitrogen. 
After 24 hours on stream, the effluent contained 0.5% PO, 
and the catalyst selectivity towards PO based on 
5 propylene was measured at 55%. 
EXAMPLE 18 

Catalyst preparation and testing f or Ethylene Oxide (EO) 
[0054] Catalyst 2 was prepared on the support of 
Example 11 (See Table 2) as follows. The support was 
10 first impregnated with the silver e thy lenedi amine oxalate 
solution by vacuum impregnation, and dried at 25 0 °C for 
5 minutes. Then, the support was vacuum impregnated with 
the solution of 2.32 g of potassium nitrate in 50g of 
water, and consequently dried at 250 °C for 5 minutes. 
15 The resulting catalyst contained 19.6% silver, and 100 
□mol/g potassium. The catalyst was ground and sieved to 
a mesh size of 2 0 - 30. Then 1.7 5 g of the sieved 
catalyst was loaded in a U-shaped microreactor tube. 
[0055] Testing was conducted at a pressure of 210 
20 psig, and a flow rate of 281 cc/min. The gas composition 
was as follows: 30% ethylene, 8% oxygen, 0.4% carbon 
dioxide, 5 ppm N0 X (whereas NO x corresponds to a mixture 
of nitric oxide, nitrogen dioxide, and dinitrogen 
tetroxide), 5 ppm ethylchloride, balance nitrogen. The 
25 temperature was maintained such that the outlet 
concentration of ethylene oxide was 1.5%. After 10 days 
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on stream, the selectivity of the catalyst was measured 
at 90.5% at 250 °C. 
EXAMPLE 19 

Catalyst preparation and testin g for Ethylene Oxide (EO) 
[0056] Catalyst 3 was prepared on the support of 
Example 15 (Table 2) as follows. The support was first 
impregnated with the silver ethylenediamine oxalate 
solution by vacuum impregnation, and dried at 250 °C for 
5 minutes. Then, the support was vacuum impregnated with 
the solution of 7.28 g of potassium nitrate in 50g of 
water, and consequently dried at 250 °C for 5 minutes. 
The resulting catalyst contained 19.2% silver, and 300 
□mol/g potassium. The catalyst was ground and sieved to 
a mesh size of 20 - 30. Then, 1.75 g of the sieved 
catalyst were loaded in a U-shaped microreactor tube. 
[0057] Testing was conducted at a pressure of 210 
psig, and a flow rate of 281 cc/min. The gas composition 
was as follows: 3 0% ethylene, 8% oxygen, 5 ppm NO x 
(whereas N0 X corresponds to a mixture of nitric oxide, 
nitrogen dioxide, and dinitrogen tetroxide) , 5 ppm 
ethylchloride, balance nitrogen. The temperature was 
maintained such that the outlet concentration of ethylene 
oxide was 1.5%. After 8 days on stream, the selectivity 
of the catalyst was measured at 90.0% at 233 °C. 
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EXAMPLE 20 

[0058] This Example demonstrates that the catalyst 
prepared on calcium carbonate /silver support exhibited 
superior performance in both activity, selectivity, and 
stability compared to the catalyst prepared on a pure 
calcium carbonate support. Catalyst AA (test number I ) 
was prepared on the calcium carbonate support of Example 
2 (comparative) . In the course of catalyst preparation, 
the support was double impregnated with silver solution, 
and bonding additives were introduced in the third 
impregnation. The catalyst contained 15.5 wt% silver, 500 
mmol/g potassium (introduced as potassium nitrate), 200 
mmol/g sodium (introduced as sodium nitrate), and 50 
mmol/g lithium (introduced as lithium hydroxide) . 
Performance of this catalyst in the standard microreactor 
test (15 g catalyst in the tube, feed composed of 8% 
propylene, 12% oxygen, 150 ppm ethylenechloride , 100 ppm 
N0 X , balance N 2 , GHSV 600 Nl/l-h, T = 250 °C) is shown in 
Figs. 1 and 2. (test number I). Catalyst BB was prepared 
on the calcium carbonate/ silver support of Example 6 (of 
the invention) and tested similarly, except that the 
amount of silver introduced in the course of the double 
impregnation (in addition to silver already in the 
support) was 21 wt . % and that bonding additives were 
introduced simultaneously with silver during the second 
impregnation. Performance of the resulting catalyst is 
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shown in Figs. 3 and 4 (test number II). As can be seen, 
a PO selectivity of 55% is achieved with the catalyst as 
prepared according to the invention. 

[0059] The supports of the present invention are 
useful in a variety of catalytic applications in which a 
reactant stream (gaseous or liquid) is contacted with a 
catalyst supported on a support at elevated temperatures. 
There are many such processes in the chemical industry 
but the present support has proved itself particularly 
suitable in the catalytic formation of alkylene oxide 
from a gas stream comprising ethylene and oxygen. The 
utility of the present invention is however not so 
limited. 
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